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Abstract 
CDIO (Conceive, Design, Implement, Operate) is a widely used framework designed to educate the next generation of 
engineers. CDIO adoption is supported and assessed by 12 standards. CDIO Standard 10: Enhancement of Faculty Teaching 
Competence remains one of the lowest reported standard compliances. The following paper proposes a systematic approach to 
standard 10 compliance based on the premise that current staffing models across many western universities rely heavily on 
postgraduate students and that these students typically have no previous formal education related to these teaching 
responsibilities. Based on the large contribution of these students, and their lack of relevant previous educational professional 
development opportunities, the development of this cohort is presented as the most logical starting point when working towards 
standard 10 compliance. However, this poses significant challenges for Engineering faculties that often do not have the expertise 
required to design such an advanced educational structure. This is compounded by the challenging timetables of postgraduate 
students who typically must also satisfy credit requirements in the early stages of their postgraduate studies. In order to meet 
these challenges a systematic approach to evidence-based pedagogical strategy selection is presented in the context of a model 
that adapts to context and settings which vary greatly across various STEM education environments. In addition, the overall 
outcome of this system would see the development of a professional development structure that could be linked to credits and by 
extension be formally adopted into a postgraduate student’s program of study. This formalization would increase legitimacy, 
provide a recognized professional opportunity and as a consequence would be net neutral for postgraduate students’ workload. 
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1. Introduction 
In 2004 the CDIO initiative adopted 12 standards created to guide CDIO program development as well as to aid 
self-evaluation of compliance. These standards were developed in collaboration with educators, industry partners 
and practicing engineers. The combined standards provide a holistic framework for program development: 
• Standard 1: Context  
• Standard 2: Learning Outcomes 
• Standard 3: Integrated Curriculum 
• Standard 6: Workspaces 
• Standard 7: Integrated Learning Experiences 
• Standard 8: Active Learning  
• Standard 9: Enhancement of Faculty Competence 
• Standard 10: Enhancement of Faculty Teaching Competence 
• Standard 11: Learning Assessment 
• Standard 12: Program Evaluation 
 
 Each standard has an associated rubric that provides further clarity and provides a system to compute an 
overall compliance score which facilitates benchmarking and, by extension, continuous improvement. In 2016 a 
refined rubric for Standard 10 was introduced (See Figure.1) and is currently active under version 2.1 [1].  
 
 
Figure 1. Standard 10 Rubric (http://www.cdio.org/content/cdio-standard-21) 
 
Standard 10 is a logical requirement when considered alongside Standard 7 (Integrated Learning Experiences), 
Standard 8 (Active Learning) and Standard 11 (Learning Assessment). If educators are required to engage in these 
complex tasks using new evidence-based techniques, they require support and a systematic approach to 
enhancement of teaching competence. Consequentially Standard 10 can be considered a perquisite for meaningful 
reform and full alignment with CDIO values. Unfortunately existing research suggests that this standard 
demonstrate markedly lower compliance rates.“[E]xceptions to growth with time exist for Standard 9 (Enhancement 
of Faculty Competence) and Standard 10 (Enhancement of Faculty Teaching Competence) where the vertical 
distance between lines for these Standards do not increase significantly with years of CDIO application” (See 
Figure)[2, p.7]. 
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Figure 2. Growth of Standards Over Time [2, p.7])  
This problem is compounded by the perceptions of young academics surrounding the relevance of these 
competencies for their career advancement. In a study examining the beliefs of UK based engineering academics, 
researchers, teaching fellows, department heads and senior university managers (n = 604) Graham [3, p.5] suggests 
that despite universities placing greater emphasis on effective teaching strategies, the majority of teaching staff 
believed that merely acceptable performance in this area was sufficient for career advancement.  
 
 
Figure 3. Perceptions of Teaching Excellence to Career Advancement [3, p.5]) 
 
This established view makes implementation of initiatives designed to address standard 9 and 10 difficult when 
considering existing staff. However, it further supports the supposition of this paper that the logical target for these 
types of initiatives are new entrants in the form of postgraduate students engaged in teaching activities. Not only 
would it address their lack of previous professional development in the area, but also has the potential to address 
beliefs surrounding their teaching responsibilities.  
1.1. What is effective teaching? 
When considering attempts to enhance faculty teaching competence it is first necessary to consider what is 
effective teaching. The lack of effectiveness of third level teaching has drawn increased attention in recent years [4, 
5]. This is especially relevant when considering teaching effectiveness within the STEM disciplines as it has been 
identified as crucial to future economic and societal development [6]. While a universal definition of effective 
4 Author name / Procedia Manufacturing  00 (2019) 000–000 
higher level teaching remains a contested topic [7], effective teaching has been broadly conceptualised as being 
focused on students and their learning [5]. This conceptualisation aligns with Standard 7 (Integrated Learning 
Experiences), Standard 8 (Active Learning) and Standard 11 (Learning Assessment). Within this conceptualisation 
two components of effective teaching are broadly accepted; 1.) a set of practices and skills as identified by research 
[8] 2.) a selection of strategies that are suited to the context in which they are employed [4]. Current university 
staffing practices result in postgraduate students delivering a significant amount of undergraduate teaching [9]. 
These practitioners have few opportunities to develop the specialised skills and knowledge required for effective 
third level STEM teaching. 
1.2. Systematic Approach 
In order to achieve compliance to Standard 10 and provide an opportunity to develop effective teaching practices 
a strategic approach that accounts for varying demands is presented graphically in Figure 4. Key stages are 
subsequently described in greater detail: 
 
Figure 4. Systematic Approach to Standard 1 
Needs Analysis: Differing requirements across subdisciplines and institutions require customisation of 
enhancement initiatives. In order to inform the theoretical base for later module design data must first be compiled 
and analysed. Data relating to teaching responsibilities is essential for the selection of relevant strategies. Data 
related to the student cohort will inform the identification of factors that influence performance in STEM learning 
environments. Data relating to existing infrastructure (Standard 6) is also essential to ensure that selected strategies 
are feasible within existing structures.  
 
Identification of Relevant Strategies: A wealth of evidence exists outlining strategies and their effectiveness in 
various learning environments. However, the sheer volume of research can make selection of relevant strategies 
difficult. A systematic review in line with PRISMA standards should be conducted using data from the previous 
Needs Analysis step to inform inclusion and exclusion criteria. This satisfies to original conceptualisation of 
‘effective teaching: 1.) a set of practices and skills as identified by research [3] 2.) a selection of strategies that are 
suited to the context in which they are employed [4]. 
 
Identification of Relevant Factors: A wide array of factors influence performance within STEM learning 
environments that are often within the sphere of influence of the educator. At a minimum a knowledge of these 
factors could positively influence the design of learning structures and inform key decisions relating to the student 
experience. These can include factors that are explicitly and logically linked to STEM performance such as math 
ability [5]. It could also include factors that may not be immediately evident such as self-efficacy [6], motivation [7] 
and stereotype threat [8] to name but a few. Similar to the previous challenges in selecting relevant strategies, the 
proliferation of studies examining these issues can pose a challenge. A systematic review and selection of relevant 
factors should be conducted using PRISMA guidelines [9]. The selection and exclusion criteria should be informed 
by the data related to student cohort gathered in the previous Needs Analysis step.  
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Module Design and Accreditation: Using the aforementioned data the program will be designed so that is tailored 
to individuals who will be engaging in third level teaching activities for the first time.  The selection of strategies 
will be evidence based and focused on maximising teaching effectiveness. These strategies will be selected based on 
compatibility to the STEM learning environments of the institution. Effort should be made to align with evidence 
gathering activities conducive to hiring and promotion systems. In addition, it is critical that the module is designed 
to be compatible with institutional accreditation. 
 
Pilot Delivery: The program should be designed to run parallel to participants initial engagement with teaching 
responsibilities so that cycles of strategy selection, implementation and review can be completed with the support of 
experiencing faculty involved in the delivery of the module. Engagements with strategy selection, implementation 
and evaluation should be heavily scaffolded in early cycles with a gradual progression to autonomous practice. 
Throughout the initial pilot delivery efforts should be made to gather data relating to module effectiveness and 
student experience for use in refinement of the module design post pilot delivery.  
2. Discussion 
The systematic approach outlined previously has the potential to address CDIO standard compliance and has the 
potential to revitalize efforts regarding CDIO integration which can often stall after initial rapid development [2]. If 
incorporated it signifies value and intent by the institution to develop teaching competencies. Linked to this point is 
the necessity for the module to be accredited so that it can form part of a postgraduate student workload model. The 
accreditation process ensures adequate resourcing while also creating a sanctioned space for the student to engage 
with this professional development. In this manner it can also be recognized for professional development 
requirements of existing faculty members. This has the potential to address problems relating perceptions of 
teaching standards to career advancement as previously discussed [10]. However the design of the module requires 
considerable knowledge and skill using systematic reviewing methods. Experience in this area, and familiarity with 
the relevant bodies of research, is not often available within an engineering faculty and may require inter-faculty 
collaboration. In addition reviews of this nature can be resource intensive. However, they do offer exceptional 
dissemination possibilities and these collaborations could also prove useful in the design of the module itself.  
2.1. Sustainability and Value 
The program demonstrates exceptional sustainability potential. As universities are unlikely to change staffing 
practices in the medium to long term due, to unprecedented levels of budgetary constraints, the proposed solution 
has the potential to increase the effectiveness of the status quo. Faculties would incur no additional costs as students 
engaged in structured doctoral programs are required to complete modules in order to satisfy ECTS credit 
requirements. The module could also be offered as CPD for interested existing faculty members. Staffing costs 
relating to the running of the module are comparably low and could potentially be incorporated into existing funding 
structures associated with the provision of doctoral level modules. In addition, the module could be offered in an 
online format in order to facilitate participation of students/staff from other institutions, potentially building on 
international partnerships, where the costs to the host institution could be recouped. However, it is worth 
considering the cost of the program in terms of long term benefits and value added. Retention within STEM 
programs is seen as a priority issue internationally and has been linked to factors associated with effective teaching 
[15]. When the economic cost for the country, as well as the reputational cost to the institution, of high attrition rates 
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